INTRODUCTION
Several prospective cohort studies of cardiovascular disease demonstrated that high sodium intake was associated with an increased risk of stroke, independent of vascular risk factors, 1 and that strokes are preponderant cardiovascular events in some regions and countries, including Japan. [2] [3] [4] [5] [6] However, it is well established that antihypertensive treatment reduces cardiovascular morbidity and mortality, especially stroke. [7] [8] [9] The incidence of ischemic stroke, particularly lacunar stroke, in the overall Japanese population has declined significantly over the past 40 years, 9 most likely due to the improved management of hypertension aimed at controlling blood pressure (BP) to o140/90 mm Hg. [7] [8] [9] In contrast, the incidence of large-artery stroke has remained steady in the younger population, 10 most likely due to the insufficient control of hypertension and the increase in metabolic disorders. 2 The reduction in systolic BP mainly explained cardiovascular outcomes, and the differences among antihypertensive drug classes are quite small compared with the benefits of maximizing the reduction in BP. Dihydropyridine calcium channel blockers (CCBs) might offer a selective benefit in the prevention of stroke. 11, 12 Thus, recent recommendations focused on building effective drug combinations rather than on which drug to use. 13, 14 The Combination Therapy of Hypertension to Prevent Cardiovascular Events (COPE) trial is the first clinical trial to examine combination therapy with benidipine, a potent and long-acting dihydropyridine CCB that inhibits not only L-type and N-type calcium channels but also T-type calcium channels 15 for the treatment of hypertension in Japan. The trial results demonstrated that although the percentage of subjects achieving the target BP and the incidence of primary composite cardiovascular end points were similar among the benidipine-thiazide diuretic (TD), benidipine-angiotensin receptor blocker (ARB) and benidipine-b-blocker (BB) groups, second analyses suggested that benidipine combined with a BB appeared to be less beneficial in reducing the risk of stroke compared with the benidipine-thiazide combination, predominantly in the elderly. [16] [17] [18] Although all benidipine-based regimens were well tolerated, the following adverse events were more frequent than in the other groups: new-onset diabetes and bradycardia in the benidipine-BB group; hyperuricemia, hypokalemia and increased levels of serum creatinine in the benidipine-thiazide group; hyperkalemia in the benidipine-ARB group; vertigo in the benidipine-BB and benidipine-thiazide groups; and increased levels of alanine aminotransferase in the benidipine-ARB and benidipine-thiazide groups. 17 It remains unknown which benidipine-based combination therapy was valuable for preventing the occurrence of specific types of stroke during treatment for hypertension in the COPE trial. Thus, in this prespecified, post hoc analysis of the COPE trial, we further evaluated the treatment effects of different stroke subtypes among the three benidipine-based regimens.
METHODS

Study design, setting and participants
The COPE trial was an investigator-initiated, multicenter study with PROBE design that compared cardiovascular effects and achievement of the target BP (o140/90 mm Hg) with three dihydropyridine CCB benidipine-based regimens (ARB, BB or thiazide) in 3501 hypertensive patients who had not achieved the target BP with benidipine at a dose of 4 mg day -1 . The rationale, design, trial management and results of the COPE trial have previously been reported. [16] [17] [18] In brief, participants with a sitting systolic BP of 140 mm Hg or more and/or a diastolic BP of 90 mm Hg or more, whether untreated or treated, were men and women aged 40 to 85 years who did not achieve the target BP in a sitting position at our clinic following monotherapy with benidipine at a dose of 4 mg day -1 during the run-in phase (4-8 weeks). These patients were randomly assigned to receive benidipine combined with an ARB, a BB or a thiazide. After the randomization, all patients were followed for at least 3 years until the trial was terminated. The BP management titration algorithm, together with other details of the study design, has been previously described. 16, 17 The median follow-up period was 3.6 years. 17 
Definitions and classification
A prespecified, post hoc analysis of the subtype of strokes was made to compare the cardiovascular effects of benidipine-based combination regimens (benidipine-ARB vs. benidipine-BB vs. benidipine-thiazide). The evaluated stroke events (all types) were consistent with the original trial design and included the primary and secondary end points of the COPE trial. 16 Stroke and transient ischemic attack were defined using the World Health Organization criteria, as reported previously. 19 The baseline cerebrovascular event was defined by investigators as the previous cerebrovascular event, using evidence from the medical history and physical examination that was supplemented by clinical records and/or radiological findings, if available (computed tomography and/or magnetic resonance imaging). All follow-up strokes were subclassified whenever possible as ischemic stroke, hemorrhagic stroke or unknown type. During follow-up, the Trial of Org 10 172 in Acute Stroke Treatment (TOAST) criteria were used to further subclassify ischemic stroke recorded as lacunar stroke, cardioembolic stroke, large-artery stroke or unknown ischemic type. 20 All suspected stroke outcome events and adverse events related to cerebrovascular events recorded during follow-up were first reviewed and reported by the relevant local study investigator. Events were then evaluated by the Independent Endpoint Classification Committee, which included two neurologists, and all potential cases were provided with a clinical summary of the event and copies of available investigation reports and films, before and after the event (for example, biochemistry, hematology, computed tomography and/or magnetic resonance imaging including diffusion-weighted image and magnetic resonance angiography, carotid ultrasound and electrocardiogram).
Statistical methods
In total, 3293 patients (1110, benidipine-ARB; 1089, benidipine-BB and 1094, benidipine-thiazide) were prescribed a combination treatment and compared with the full set analysis to specifically evaluate the benidipine-based combination therapy for hypertension in the COPE trial. 17 Patient characteristics were reported as the mean ± s.d. or percentage. Continuous variables were compared with Student's t-tests or one-way analysis of variance, as appropriate. Categorical variables were compared with the w 2 test. Survival curves were generated by the Kaplan-Meier method for hemorrhagic or ischemic stroke among the three treatment groups. Survival curves were compared using the log-rank test. Hazard ratios (HRs) and confidence intervals (CIs) were calculated using the Cox proportional hazards model. All data were analyzed using SAS System Release 9.1 software (SAS Institute, Cary, NC, USA). All reported P-values are two-sided.
RESULTS
Demographic and baseline patient characteristics of the COPE trial
Demographic and baseline patient characteristics of the COPE trial are shown in Table 1 . Among the 3293 patients in the COPE trial, the baseline characteristics, including the previous history of cerebrovascular disease and need for anti-platelet/anti-coagulation therapy, were well matched among those randomized to the three regimens (Table 1) . Detailed information on the studied drugs has been provided elsewhere. 17 In addition, no apparent differences were observed in the concomitant medication usage throughout the study (Supplementary Table S1 ).
BP control during the treatment
The reduction in BP from baseline was similar among the three treatment groups over the course of the trial. 17 In addition, at the end of treatment, the percentage of patients who achieved the target BP did not differ among the three treatment groups (Supplementary Table S2 ).
Occurrence of atrial fibrillation or atrial flutter during follow-up A total of 19 atrial fibrillation or atrial flutter occurrences were reported as adverse events during the study (benidipine-ARB group: 4 atrial fibrillation and 1 atrial flutter; benidipine-BB group: 8 atrial fibrillation; benidipine-thiazide group: 6 atrial fibrillation), and there were no significant differences in the occurrence of atrial fibrillation or atrial flutter among the three treatment groups (P ¼ 0.671).
Occurrence of stroke and stroke subtypes during follow-up During the study, 80 cerebrovascular events were reviewed by the Independent Endpoint Classification Committee, and a total of 56 strokes were confirmed as cerebrovascular events (Table 2 ). The classification of stroke subtype was based on radiographic, electrocardiographic, and carotid and cardiac ultrasound evidence. The Independent Endpoint Classification Committee further reviewed 23 possible stroke events that were not confirmed as strokes.
The Committee also made reclassifications for 14 cases among stroke subtypes. The classification of strokes was reported as: one lacunar stroke to large-artery stroke, one lacunar stroke to unknown ischemic type, three large-artery strokes to lacunar stroke, four large-artery strokes to unknown ischemic type, one cardioembolic stroke to unknown ischemic type, one unknown ischemic type to lacunar stroke, one large-artery stroke with lacunar stroke to large-artery stroke, one large-artery stroke with transient ischemic attack to unknown ischemic type and one transient ischemic attack to lacunar stroke.
As a result of the review by the Committee, the total incidence of stroke in the COPE trial was 4.7, including 1.6 hemorrhagic strokes and 2.5 ischemic strokes per 1000 person-years. In addition, the incidence of lacunar stroke was 1.1, large-artery stroke was 0.6, cardioembolic stroke was 0.3, unknown ischemic type was 0.6 and transient ischemic attack was 0.6 per 1000 person-years. As shown in Table 2 and Figure 1 , although the incidence of all types of stroke was significantly higher in the benidipine-BB group than in the benidipine-thiazide group, the incidence of intracerebral hemorrhage or lacunar stroke was higher in the benidipine-ARB or benidipinethiazide group. The incidence of large-artery stroke was higher in the benidipine-BB group compared with the other two groups, and the incidence of transient ischemic attack of the benidipine-BB group and the benidipine-thiazide group was higher compared with the benidipine-ARB group. Few differences in each stroke subtype were observed among the three treatment groups.
HRs for all types of stroke, hemorrhagic stroke and ischemic stroke Figure 1 presents the unadjusted and multi-adjusted HRs for all types of stroke, hemorrhagic stroke and ischemic stroke in the three treatment groups of the COPE trial. As previously reported, 17 the incidence of all types of stroke was higher with the benidipine-BB regimen than with the benidipine-thiazide regimen. Although few differences in the incidence of stroke subtypes were observed among the three treatment groups in this sub-analysis (Table 2) , the incidence of hemorrhagic stroke and ischemic stroke was higher with the benidipine-BB regimen than with the benidipine-thiazide regimen. The incidence of all types of stroke, as well as hemorrhagic stroke and ischemic stroke, with the benidipine-ARB regimen did not differ from that of the other two treatment regimens.
Figure 1 also presents the unadjusted and adjusted HRs for systolic BP as a time-dependent covariate for all types of stroke, hemorrhagic stroke and ischemic stroke in the three treatment groups of the COPE trial. The unadjusted and adjusted HRs for systolic BP as a timedependent covariate of all types of stroke were higher with the benidipine-BB regimen than with the benidipine-thiazide regimen. The unadjusted and adjusted HRs for systolic BP as a time-dependent covariate of hemorrhagic stroke and ischemic stroke were also higher with the benidipine-BB regimen than with the benidipine-thiazide regimen. The unadjusted and adjusted HRs for systolic BP as a Combination therapy for hypertension based on stroke subtype S Umemoto et al time-dependent covariate of all types of stroke, as well as hemorrhagic stroke and ischemic stroke, with the benidipine-ARB regimen did not differ from those of the other two treatment regimens.
Hemorrhagic stroke in the three treatment groups Figure 2 shows the survival curves for time to first hemorrhagic stroke in the three treatment groups of the COPE trial. Although the incidence of hemorrhagic stroke was relatively low in the COPE trial, the incidence of hemorrhagic stroke was significantly higher in the benidipine-BB group than in the benidipine-thiazide group. It did not differ between the benidipine-ARB group and the other two treatment groups, although the incidence of hemorrhagic stroke in the benidipine-ARB group was relatively higher compared with that of the benidipine-thiazide group.
Ischemic stroke in the three combination treatment groups Figure 3 shows the survival curves for time to first ischemic stroke in the three treatment groups of the COPE trial. Compared with the benidipine-thiazide group, the incidence of ischemic stroke was significantly higher in the benidipine-BB group, whereas it did not differ between the benidipine-ARB group and the other two treatment groups (Figure 3) .
DISCUSSION
Hypertension is a major cause of cardiovascular disease, especially stroke. 2-6 High sodium intake is associated with an increased risk of stroke, independent of vascular risk factors, 1 and strokes are the preponderant cardiovascular events in some regions and countries, including Japan. [2] [3] [4] [5] [6] The previous meta-analysis showed that the reduction in systolic BP largely explained cardiovascular outcomes, 2.59 (1.00 -6.67) Figure 1 Hazard ratios for all types of stroke, hemorrhagic stroke and ischemic stroke in the three treatment groups. Model 1: hazard ratios were adjusted by sex, age, body mass index, systolic blood pressure at baseline, previous history of cerebral events, diabetes, dyslipidemia and prescription of antiplatelets. Model 2: hazard ratios were adjusted for systolic blood pressure as a time-dependent covariate. Hemorrhagic stroke: intracerebral hemorrhage and subarachnoid hemorrhage; ischemic stroke: lacunar stroke, large-artery stroke, cardioembolic stroke and unknown ischemic type. ARB, angiotensin receptor blocker; Beni, benidipine; BB, b-blocker; CI, confidence interval; TD, thiazide diuretic. Italic entries indicate significant differences in the hazard ratio between the two treatment regimens. A full color version of this figure is available at the Hypertension Research journal online.
benidipine plus ARB 1110  1099  1074  1055  1039  1014  994  654  333  benidipine plus BB  1089  1071  1030  1008  988  963  938  622  315  benidipine plus TD  1094  1075  1049  1033  1017  1005  975  637 Combination therapy for hypertension based on stroke subtype S Umemoto et al and preventive effects against coronary heart disease were similar in different classes of antihypertensive drugs, whereas BBs were worse in preventing stroke than the other classes of antihypertensive drugs, including CCBs. 21 The results of the COPE trial have shown that even in the CCB-based combination therapy of hypertension, BBs may not have any benefits over TDs and may even increase the risk of stroke, indicating that the use of BBs as combination therapy with CCBs may be challenging for hypertensive patients.
We have shown that both the reduction in BP from the baseline over the course of the trial and the percentage of patients who achieved the target BP by the end of treatment did not differ among the three randomized groups, including this sub-analysis of the COPE trial. However, the incidence of stroke was significantly higher with BBs compared with TDs. 17 In the COPE trial, the incidence of stroke was relatively low, suggesting that benidipine-based treatment for hypertension may be beneficial for the prevention of stroke. This effect is most likely due to the T-type and L-type dihydropyridine calcium channel-blocking action of benidipine compared with other CCB-based treatments. 15, 22, 23 However, this explanation should be supported by the comparison of risk profiles and on-treatment BP values of study subjects from different studies.
It was reported that T/L-type CCB benidipine inhibited aldosterone production. 24 It also directly inhibited the aldosterone-induced mineralocorticoid receptor activation 25 and exerted a sodium diuretic action via T-type calcium channel inhibition. 26 Therefore, this dual blocking action of the L-type and T-type calcium channels of benidipine might have exerted favorable effects in combination with a TD for the prevention of stroke in the COPE trial. In addition, TDs reduce arterial pressure initially through a fall in plasma volume and cardiac output, and their long-term pressure reduction is mediated through a reduction in total peripheral resistance. 27 Furthermore, it was recently reported that compared with other drugs, interindividual variation in systolic BP was significantly reduced by CCBs and non-loop diuretic drugs but significantly increased by ARB and BBs. 28 Furthermore, it has been reported that the use of a high dose of a CCB alone, or in combination with other agents, is likely to be particularly effective in preventing stroke, 28 and it is important to note that the drug-class effects on interindividual variation in BP can account for differences in the effects of antihypertensive drugs on the risk of stroke, independent of the effects on the mean systolic BP. 29, 30 Differences of the CCB amlodipine and the BB atenolol in central aortic pressures are a potential mechanism to explain the different clinical outcomes between the two BP treatment arms. 31 In addition, the LIFE study also demonstrated the clear benefits of an ARB (losartan) over atenolol in combination with TDs on total ischemic stroke and atherothrombotic infarction. 32 Taken together, these observations may support our results, showing that the incidence of stroke was low in the benidipine-based combination therapy for hypertension and that the incidence was lower in the benidipinethiazide regimen than in the benidipine-BB regimen.
Most hypertensive patients will need more than two drugs to control their hypertension. 33 The guidelines for the treatment of hypertension propose that consideration should be given to starting with two drugs, 9 and they recommend a CCB with ARB as the preferred combination therapy, and CCBs with diuretics as an acceptable combination therapy. 13, 14 However, the efficacy of these treatment regimens has not been fully proven by outcome studies. The findings of the COPE trial showed that the benidipine-thiazide regimen is more effective in preventing both hemorrhagic stroke and ischemic stroke, in addition to all types of stroke, compared with the benidipine-BB regimen.
Epidemiological study showed that no stepwise increase in risk was observed in groups treated with antihypertensive medication. 6 However, this result is not consistent with those of this study. The difference of the study design between the observational study and our prospective randomized study may explain this inconsistency. In addition, diuretics were used in only approximately 1% of our study population at baseline, and after the intervention, the combination of benidipine and a TD may have reduced the incidence of hemorrhagic stroke and ischemic stroke more robustly than the other two combination therapies.
Study limitations
First, we adopted the PROBE design, and the non-blinded treatment allocation could have influenced the attitude of patients and investigators regarding compliance with the study medications or staying in the study. Second, because the sample size of this subanalysis was relatively small and the incidence of stroke was low in the benidipine-based combination therapy in the COPE trial, the optimal combination therapy for preventing stroke in hypertensive patients should be investigated in a future trial. Third, we randomly assigned one of the three classes of antihypertensive agents without any restriction regarding the drugs in each class, so we cannot deduce that the present results were caused by drug class effects, especially in the case of BBs. Finally, owing to the inherent limitations of any study, such as this trial, the finding that a CCB combined with a BB was inferior in terms of incidence of stroke in hypertensive patients should Figure 3 Kaplan-Meier curves for time to first ischemic stroke in the three treatment groups. Ischemic stroke: lacunar stroke, large-artery stroke, cardioembolic stroke and unknown ischemic type. ARB, angiotensin receptor blocker; BB, b-blocker; CI, confidence interval; TD, thiazide diuretic. A full color version of this figure is available at the Hypertension Research journal online.
Combination therapy for hypertension based on stroke subtype S Umemoto et al be confirmed or refuted by future studies, although this study is the first one to assess the CCB benidipine-based combination therapy for stroke risk.
In conclusion, this study was the first to demonstrate that the CCB benidipine combined with a TD significantly reduced not only the incidence of all types of stroke but also the incidence of both hemorrhagic stroke and ischemic stroke compared with benidipine combined with a BB treatment. It is possible to conclude that the CCB benidipine combined with a TD might be more beneficial for preventing stroke compared with benidipine combined with a BB.
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